Reversal or reduction of normal structural cerebral asymmetries may be related to the pathogenesis of schizophrenia, but this relationship remains controversial. We review the literature and describe a further study designed to detect whether anomalous asymmetries are present early in the illness (at the first episode), whether they predict deficits in language processing, and whether they may be related to a genetic predisposition for schizophrenia. Asymmetries of brain widths and segments of the sylvian fissure were assessed in a magnetic resonance imaging study of 87 patients with a first episode of schizophrenia and 52 normal controls. These asymmetries were correlated with specific measures of language processing, memory, and hand skill. An independent group of 14 pairs of siblings with schizophrenia were also evaluated for evidence of heritability to cerebral asymmetries. Width asymmetries were reduced in patients compared with controls in the posterior (p = 0.02) and occipital (p = 0.05) regions. Brain horizontal length, on the other hand, was significantly more asymmetrical in patients (left > right; p = 0.04). For sylvian fissure measurements, asymmetries in controls (left > right) were greatest for the horizontal component; this asymmetry tended to detect differences in patients by comparison with controls (p < 0.06). In a range of tests of language and memory, few significant correlations between performance and cerebral asymmetries were detected either in patients or controls, although patients consistently scored poorer than controls in the majority of tests. In 14 pairs of psychotic siblings, within-pair correlations for the horizontal sylvian fissure asymmetry were significantly greater than between-pair correlations. These findings are consistent with the early presence (possibly genetic) of anomalous cerebral asymmetry. However, the functional correlates of reduced asymmetry remain obscure.
Left/right asymmetries are characteristic of frontal, occipital, and temporal cortices of the normal human brain. In most individuals, the right frontal lobe is larger than the left, and the left occipital lobe is larger than the right (Galaburda et al. 1978; LeMay and Kido 1978; Chui and Damasio 1980) . The superior posterior plane of the temporal lobe, the planum temporale, which underlies the posterior segment of the sylvian fissure (Geschwind and Galaburda 1987) , is the most extensively studied temporal lobe asymmetry. Asymmetries are of particular interest because of their relatively recent emergence in the transition from earlier primates to Homo sapiens. Language, a uniquely human ability, is thought to have evolved through asymmetrical expansion of the left posterior superior temporal lobe (Corballis 1991) . In the majority of right-handed individuals, the left planum is larger than the right, and language functioning is centered in the left hemisphere-Broca's region in the left frontal lobe and the planum temporale, with a more posteriorly situated region corresponding to either Brodmann's area 39 or Wernicke's cortex (Geschwind 1979) in the temporal lobe. These regions delimit the sylvian fissure, the anterior segment underlying Broca's cortex, and the posterior horizontal segment forming the superior border of the planum temporale, while the ascending ramus bisects Wernicke's cortex (Witelson and Kigar 1992) .
The hypothesis that an abnormality in the formation of cerebral asymmetries constitutes the genetic basis for schizophrenia was proposed by Crow (1984 Crow ( , 1990 Crow ( , 1993 Crow ( , 1995 on the basis of postmortem estimations of asymme-Schizophrenia Bulletin, Vol. 23, No. 2, 1997 L.E. DeLisi et a).
tries of the parahippocampal gyrus (Brown et al. 1986) and temporal horn of the lateral ventricles (Crow et al. 1989a, 19896) . Observations of other abnormal structural asymmetries in some patients with schizophrenia have been reported (e.g., Luchins et al. 1979 ; table 1) although sometimes not replicated (Luchins and Meltzer 1983) . In fact, even in the previous century, patients with dementia praecox were hypothesized (Crichton-Browne 1879) or claimed (Luys 1881) to have brain changes, such as a reduction in mass, more often on the left than on the right. Despite this previous body of literature, studies of structural asymmetry in schizophrenia over the past one to two decades have had modest impact. Tables 1 through 3 summarize studies of brain width and sylvian fissure asymmetries in schizophrenia. Table 1 shows six studies of frontal brain width asymmetries as seen by a computed tomography. Only one study found a significant reversal of the normal right > left frontal asymmetry (Lee et al. 1985) .
Similarly, table 2 presents studies examining occipital width asymmetries. Of these eight studies, six of which also had frontal measurements, half showed no differences between patients and controls. Of the four that did, two did not have normal controls (Naeser et al. 1981; Tsai et al. 1983) . One investigative group found significant reversal of asymmetries in an earlier study (Luchins et al. 1979 ) but failed to find it in a later replication (Luchins and Meltzer 1983) . In both studies, however, Luchins and colleagues found a correlation between anomalous asymmetry and language deficiency. Finally, hand preference (whether only right-handed or mixed-handed individuals were included) did not seem to be critical in determining significance. One study not listed in the tables compared asymmetries of volume brain quadrant measurements finding significant reductions in patients compared with controls (Bilder et al. 1994) . However, how these relate to the frontal/occipital width measurements is unclear. Given that the shift in cerebral asymmetries may be subtle and may require a large number of subjects to show an effect, an analysis was performed combining data from all eight studies using similar width measurements. Chi-square analyses showed significant overall deviation in both frontal and occipital asymmetries in the schizophrenia patients as compared with controls (X 2 = 28.57; p < 0.0001 for frontal and X 2 = 48.69; p < 0.0001 for occipital). Table 3 shows the seven major studies of the sylvian fissure or its underlying planum temporale asymmetries. These studies were independent of the width measurement studies presented in tables 1 and 2, and the patient populations did not overlap, with the exception of the present study. Three of the five that measured sylvian fissure length (Falkai et al. 1992; Hoff et al. 19926; Rossi et al. 1992) found evidence of reduced laterality in the posterior portion of the sylvian fissure, and one (Bartley et al. 1993) found a nonsignificant decrease. One of three studies reconstructing the planum temporale using sophisticated computer imaging techniques found clear reversal of the normal left > right planum size in schizophrenia (Petty et al. 1995) , but the other two failed to detect this anomaly (Rossi et al. 1994; Kulynych et al. 1995) . Given the difficulties in anatomically describing this region, the consistency of these three sets of reconstructions with each other is unclear. Two of these studies, however, found reversals of the normal left > right planum size to be correlated with thought disorder.
Although the width asymmetries and the sylvian fissure asymmetries are presumed to result from the same process, no studies are known that clearly support this etiology. A search of the literature also found no studies examining the relationship of structural asymmetries to language functioning in normal individuals.
Whether the observed difference in asymmetries is developmental in origin or a consequence of a degenerative process that has asymmetrical effects cannot be determined from studies of patients with chronic schizophrenia; a study of brain structure at the first episode of illness would help clarify this issue. In first-episode schizophrenia, we previously found small reductions in measures of temporal lobe asymmetry, that is, the sylvian fissure on sagittal and coronal magnetic resonance imaging (MRI; Hoff et al. 19926; DeLisi et al. 1994) . In this article, we describe more precise sylvian fissure segment measurements and their relationship to frontal and occipital asymmetries and to language processing in an expanded group of firstepisode patients. Siblings with chronic schizophrenia are also studied as a preliminary examination of the genetic effect on asymmetries. Thus, our study was aimed at determining whether abnormalities in asymmetries are present early in the illness course, their interrelationships and relation to corpus callosum size and to disturbance in language functioning, and whether abnormalities in asymmetries are associated with the inheritance of schizophrenia.
Methods
Subjects. From 1988 through 1992, consecutive hospital admissions to two major psychiatric facilities in Suffolk County, New York, who met DSM-HI-R (American Psychiatric Association 1987) criteria for a first episode of schizophreniform disorder, schizophrenia, or schizoaffective disorder were screened within a month of hospitalization by MRI. A control group in the same age range and with the same parental socioeconomic status as the patients was simultaneously established after screening structured interviews were conducted to eliminate persons with major psychiatric illness. Details of the subject population have been published elsewhere (DeLisi et al. 1991a (DeLisi et al. , 19916, 1992 . For the present study, MRI scans were available on 87 patients and 52 controls (table  4) . MRI scans from a series of 14 pairs of siblings with a DSM-lll-R diagnosis of schizophrenia, schizoaffective disorder, or, in one case, schizotypal disorder were also available for analysis.
MRI Protocol. Subjects were positioned in the scanner using a standard head holder. An alignment laser light was placed perpendicular to the canthomeatal line in the transverse plane and centered on the nasion to bisect the brain equally on the sagittal images. The chin was placed at right angles to the table, and tape across the forehead was used to prevent further movement. Positioning cushions were placed in back and on the sides of the head to prevent left/right rotation after alignment. Although head tilt cannot be eliminated fully and is a confounding factor in a study on brain asymmetry, any subjects whose scans resulted in visual head tilt either had the scan repeated or were eliminated from the study. A GE Signa scanner with 1.5 Tesla magnet was used with spin-echo, Tl (sagittal, axial, and coronal) and T2 (axial) sequences. All coronal, sagittal, and axial slices had a matrix of 256 X 256, 5-mm slice thickness with a 2-mm gap, and field of vision (FOV), 24. For sagittal and coronal slices, the time to repetition (TR) was 600, time to echo (TE) was 25, and NEX 2. For axial slices the TR was 2,000, TE 20/80, and NEX 1, and these views were taken parallel to the orbitomeatal line. The axial and sagittal slices were used for the present study.
Image Analyses. Tl axial scans were used to compare relative left versus right anterior (frontal, anterior, and posterior) and posterior (temporal, occipital) brain widths. We used the method of Kertesz et al. (1992) to measure left and right widths at 10 and 30 percent from the anterior pole and 10 and 30 percent from the posterior pole, corresponding to anterior frontal, posterior frontal, posterior, and occipital (figure 1) at the first slice above the disappearance of the third ventricle and the maximal appearance of the frontal horns of the lateral ventricles. The midline was determined using the interhemispheric sulcus, and in those scans in which it did not extend to 30 percent, a line was drawn extending anterior and posterior aspects of the fissure.
Sagittal images through the whole brain were used to quantify the length of the sylvian fissure using the method described by Witelson and Kigar (1992;  figures 2 and 3). The sylvian fissure was measured from the lateral-most slice in which it was visualized on both sides of the brain and was subdivided into three separate components: anterior, horizontal, and vertical ascending. In some scans, one component was best visualized on one slice, whereas another segment was more visible on another. The landmarks for each segment were as follows: (1) anterior, from the most anterior point where the temporal and frontal lobes join to posteriorly where the postcentral sulcus intersects the sylvian fissure; (2) horizontal, posterior to the point of intersection with the postcentral sulcus to the point where the fissure separates into ascending and descending branches; (3) vertical, the length of the ascending ramus. All left and right axial and sylvian fissure measurements were examined for right/left differences using a laterality index: left -right, 0.5; left + right. Thus, the larger and more.positive the index, the greater is the left relative to the right side. Conversely, the greater the negativity, the greater is the right relative to the left side.
All measurements for each structure (or asymmetry) were performed by the same individual. Although the two researchers performing measurements were not blind to left versus right sides, they were blind to the diagnostic status of each individual as well as the hypothesis being tested. Intrarater reliability was assessed for repeated measurements on the same scans using 15 sets of scans. Intraclass correlation coefficients for axial measurements ranged from 0.98 to more than 0.99, and for sylvian fissure measurements they ranged from 0.94 to 0.99. To assess reproducibility among measures, another 15 sets of scans were remeasured by a second individual. Intraclass correlation coefficients for interrater reliability ranged In addition, hand preference for writing was recorded and hand skill measured by the Finger Tapping Test (Reitan and Davison 1974 ; three trials of 10 seconds for each hand). The number of taps for the left and right index fingers was recorded, and the right/left difference was calculated using the laterality index as defined above.
Measures of Language and Related Functions.
A neuropsychological battery designed to measure various aspects of language, memory, and cognition was administered to 41 of the patients and 26 of the controls consecutively presenting for evaluation beginning in 1992, 4 years after beginning recruitment of subjects (table 5) ; thus, all the subjects included in the MRI study were not available for neuropsychological testing. Both receptive and productive language ability, memory, and attention were assessed using the tests described in table 6.
Twenty-three of the patients and 22 of the controls completed further language structure testing through taped spontaneous verbal soliloquies. This additional procedure was added to the protocol during the study, and thus data on the first 18 patients and 4 controls are not available. Subjects were asked to "speak about anything they wish" for 6 minutes. If subjects were unable to speak unabated for 6 minutes, they were given nonverbal prompts (cards) when they became short of words. All soliloquies were coded to disguise subject status and were scored by two trained linguistic students supervised by a professor of linguistics. Variables of interest involved both the semantic and syntactic organization of language and included an assessment of the average number of embedded clauses and six indices of verbal fluency. The number of clauses embedded within a single sentence corresponds to a relative "depth of embedding." Thus, sentences are described as a certain number of levels deep. Four different clause types were examined: (1) tensed clauses with overt complements, (2) tensed clauses without overt complements, (3) infinitive clauses under subject control, and (4) infinitive clauses under object control. The frequency of embedded clauses was hand scored and the depth of clausal embedding was calculated by taking a weighted average of the frequency of occurrence for each clause type. The six indices of verbal fluency were the number of syntactic violations, the number of selectional violations or mismatches between verbs and complements, morphological errors (i.e., mistakes in forming plurals or past tenses), false starts, and number of nonsentence utterances (Morice and Ingram 1983; Radford 1988) .
All subjects tested used English as their native language. Patients had been stabilized as outpatients and maintained on standard doses of neuroleptics and, in some cases, anticholinergic medication for side effects. At the time of testing, 29 patients were treated with standard and 2 with atypical neuroleptics; 13 were taking adjunctive benztropine, 4 lithium, and 10 antidepressants in combination with neuroleptics (except 1). Eight were medication free. At the time of testing, these patients had been ill a mean of 33 months; standard deviation (SD) = 13 months. Their total Brief Psychiatric Rating Scale (Overall and Gorham 1962) scores ranged from 19 to 46 (minimum = 18), and their mean Global Assessment Scale (Endicott et al. 1976 ) score was mean 62.5; SD = 8 (range = 0-100, with 100 = best). On subscales of the Scales for the Assessment of Positive Symptoms (Andreasen 1984) , 18 of 40 patients scored positively for hallucinations, 24 for delusions, and 9 for formal thought disorder. Clinical ratings were all performed by one trained investigator and cognitive testing by a trained clinical psychology graduate student.
Statistical Comparisons. The General Linear Models
Procedure was used to examine differences between patients and controls with sex as an additional independent variable. It was also used to assess the interaction between sex and diagnosis for dependent MRI measures and laterality indices. We used a multivariate analysis of covariance (MANCOVA) to analyze neuropsychological data, with diagnosis and sex as independent variables, covarying for social class of parents. Spearman's correlation coefficients were used to examine the relationship between axial and sylvian fissure asymmetries and the relationship of both with previous measurements of corpus callosal areas and neuropsychological test scores. For oral soliloquies, the weighted data for each of the four types of clausal embedding and six types of verbal fluency were analyzed by a one-way analysis of covariance (ANCOVA) covarying the number of analyzed sentences.
Familial effects were examined using an analysis of variance (ANOVA) with family membership as an inde- 
Results

Brain Width Measurements.
Axial width measurements showed the previously reported right greater than left anterior frontal and left greater than right occipital asymmetries in controls. Although there was no difference in anterior frontal asymmetries, posterior (temporal) and occipital asymmetries were significantly reduced in both male and female patients compared with controls, and there was a trend with respect to the posterior frontal measurements, with patients showing less leftward posterior and less rightward anterior predominance (table 7; figure  4 ). In addition, the normal male greater than female width differences were lost in the patients in the anterior frontal width measurements.
Sylvian Fissure Measurements. The sylvian fissure anterior and horizontal segments were greater on the left than right, and the vertical segment was greater on the right than left, in controls. Schizophrenia patients had a trend for left horizontal segments to be smaller than those of controls (p < 0.07), with a trend for reduced laterality in the horizontal segment (figures 5 and 6; p < 0.06). Atypical sylvian fissure anatomy (where either the horizontal or vertical portions were not present using the landmarks illustrated in figure 1) was present in some patients and controls. Six of 87 patients and 6 of 52 controls were missing the left horizontal, 9 patients and 11 controls were missing the right horizontal, 1 patient and 3 controls were missing the left vertical, and 4 patients and 7 controls were missing the right vertical. Atypical sylvian Fissure anatomy was not significantly more frequent among patients than controls. Since subdivisions could not be reliably made in these individuals, they were eliminated from the relevant analyses. When non-right-handed individuals (based on hand preference) were removed from the data set and all axial width and sylvian fissure analyses were recalculated, there were no differences in measures reaching significance. Therefore, data for the total sample, including non-righthanded subjects, are presented. Koff et al. (1986) have also shown a lack of relationship between handedness and frontal and occipital structural asymmetries.
The total patient group was subdivided by diagnostic category (schizophreniform, schizophrenia-subchronic, and schizoaffective) to examine whether anomalous asymmetry distinguished these subgroups. No differences emerged for any segments of the sylvian fissure. However, a one-way ANCOVA (covarying handedness and sex) was significant for anterior frontal (F = 6.67; p < 0.002), posterior frontal (F = 3.37; p < 0.04), and occipital asymmetries (F = 3.5; p < 0.04). In post hoc Tukey analyses, schizophreniform patients had significantly reduced anterior and posterior frontal laterality indices compared with either schizoaffective (p < 0.01) or schizophrenia-subchronic patients (p < 0.002). For the occipital laterality index, schizoaffective patients were significantly less lateralized (p < 0.04) than schizophrenia-subchronic patients, and schizophreniform patients were less lateralized than the subchronic patients (p < 0.06).
Hand skill laterality (as quantified by the Finger Tapping Timed test) was not correlated with any of the structural laterality indices and was not significantly different between patients and controls.
Spearman's correlations were calculated between all laterality indices separately for patients and controls. The anterior frontal asymmetry was inversely correlated with the posterior and occipital asymmetries in both patients and controls (anterior frontal vs. posterior for patients: r = -0.42; p < 0.0001, anterior frontal vs. posterior for controls: r = 0.34; p < 0.01; anterior frontal vs. occipital for patients: r = -0.57; p < 0.001; anterior frontal vs. occipital for controls: r = -0.65; p < 0.001). The poste- rior and occipital asymmetries were also correlated in both patients and controls (patients: r -0.60; p < 0.001, controls: r = 0.60; p < 0.0001). The asymmetry of the total length of the sylvian fissure was correlated with the posterior and occipital axial asymmetries in controls (posterior vs. total sylvian fissure: r = 0.37; p < 0.01, occipital vs. total sylvian fissure: r -0.32; p < 0.05) but less so in patients (posterior vs. total sylvian fissure: r = 0.11; pnot significant, occipital vs. total sylvian fissure: r = 0.22; p < 0.05). No correlations of axial asymmetries with asymmetry of the three sylvian fissure segments were significant.
Familial Effects. ANOVAs for the effect of family membership on asymmetries were as follows (F = the mean square of between-family data divided by the mean square of within-family data)-for the anterior frontal asymmetry: F = 1.41; p < 0.27, posterior frontal: F = 0.52; p < 0.88, posterior: F = 1.60; p < 0.20, and occipital asymmetry: F = 2.20; p < 0.08. For the sylvian fissure asymmetries, they were anterior segment: F = 0.89; p < 0.58, horizontal segment: F = 3.23; p < 0.03, vertical segment: F = 1.13; p < 0.41, and total fissure: F = 1.75; p < 0.15. Thus, the within-pair differences of siblings with schizophrenia were significantly less than among-pair differences for horizontal sylvian fissure laterality, and there was a similar trend for occipital width laterality (figures 7 and 8).
Neuropsychological Evaluations. A two-way MAN-COVA testing for diagnostic and sex effects, controlling for social class, gave an overall significant difference for all 18 variables for patients versus controls (F = 4.14; p < 0.00002), with no sex effects or interactions. The indi- 
CONTROLS
No significant differences between male and female patients and controls were observed, except a trend for the left horizontal fissure to be smaller In patients than controls (F-3.22; p < 0.07), and a trend for a sex-by-group interaction {F-3 28; p < 0.07), with male patients having the most significant drfference There were no overall differences in anterior or vertical sytvian fissure lengths, but there was a sex-by-diagnosls interaction for the left anterior segment (F-3.19; p-0.07).
vidual tests showing significant differences in patients compared with controls were (1) Raven's Coloured Progressive Matrices (Raven 1965 (Benton and Hamsher 1983) : F = 9.62; p < 0.003; (5) Goldman Fristoe Woodcock-Noise Distraction (Goldman et al. 1970) : F = 7.49; p < 0.007; (6) Goldman Fristoe WoodcockQuiet Condition (Goldman et al. 1970) : F = 9.37; p < 0.004; (7) Analysis of the oral soliloquies revealed no differences between patients and controls on number of false starts, selectional errors, syntactic errors, filler statements, and minor sentences. However, patients tended to have more morphological errors than controls (F = 3.77, p < 0.059) and significantly less clausal embedding for one of the four clausal types (infinitive subject control; Patients had a trend for reduced left > right horizontal sylvian fissure asymmetry compared with controls (F= 3.63; p = 0.059). Trends for a sex-by-diagnosis interaction were present for the anterior (F = 2.94; p < 0.08), and total sylvian fissure asymmetry laterality index (F = 2.27; p = 0.13). A post hoc planned comparison (PC) test for females separately resulted in significance of p < 0.05 for the total sylvian fissure (female patients being less lateralized than female controls). For the horizontal segment, male patients were less lateralized than male controls (PC, p = 0.025). Error bars denote standard error. ASF = anterior sylvian fissure; HSF = horizontal sylvian fissure; VSF = vertical sylvian fissure; L = left; R = right.
patients: mean 1.35; SD = 0.24 vs. controls: mean 1.61; SD = 0.47 levels deep: F = 5.74; p < 0.02). Linguistic complexity was not correlated with age of onset (age at first hospitalization), as originally reported by Morice and Ingram (1983) , although later not replicated (Morice and McNicol 1986) . Since the relationship between structure and function may not be linear, an exploratory analysis was also performed to examine whether the division of patients into reversed, reduced, or normal (left > right) horizontal sylvian fissure laterality could predict any type of verbal performance. A general MANCOVA was used for analysis with three sylvian fissure types of laterality as independent variables (33% with the greatest right > left; 33% centered closest to zero laterality, and the 33% most left > right group). No significant effects or trends were found. Thus, the degree of laterality in the hypothesized crucial region for language did not appear to affect language functioning in the patients.
Spearman's correlation coefficients were also calculated for neuropsychological test scores (those that were sensitive to differences between patients and controls) and structural brain asymmetries. For controls, receptive language, as measured by the Goldman Fristoe Woodcock Test, was correlated with the horizontal sylvian fissure asymmetry, so that the greater the left > right index the greater the performance with noise distraction (r = 0.40; p < 0.05), but the opposite effect was present with the quiet condition (r = -0.60; p < 0.01). The better the performance in controls, the greater the right > left anterior frontal asymmetry (r = 0.39; p < 0.05). Expressive language, as measured by the Controlled Oral Association Test, was correlated with both posterior frontal and anterior sylvian fissure asymmetries (r = 0.49 and 0.46; p < 0.01 for both, respectively), but in the opposite direction than expected; the less the asymmetry, the better the performance. Verbal memory as measured by the Wechsler Memory Scale was correlated with the right > left anterior frontal asymmetry (r = 0.44; p < 0.05) and with the posterior left > right asymmetry (r = 0.43; p < 0.05). Nonverbal memory was correlated with the horizontal sylvian fissure asymmetry (r = 0.43; p < 0.05), and nonverbal ability as measured by the Oral Symbol Digit Modality Test was correlated with the anterior frontal right > left asymmetry (r = 0.49; p < 0.01). However, the pattern of correlations of function with structural asymmetries was different in the patients; expressive language as measured by the degree of sentence complexity was inversely correlated with the left > right occipital asymmetry (r = -0.48; p < 0.05). Thus, the greater the asymmetry, the less the degree of sentence complexity. Attention as measured by the vigilance task was correlated with the right > left anterior sylvian fissure asymmetry (r = 0.41; p < 0.01) and similarly with the horizontal sylvian fissure left > right asymmetry (r = 0.36; p < 0.05). No other significant structure or function correlations were present among the patients. The above relationships were not significant when adjusting for the number of correlations performed.
There was also no correlation of any language function with laterality of hand skill as measured by the Finger Tapping Test.
Discussion
This study was designed to test the hypotheses that (1) a failure to establish normal cerebral asymmetry is central to the development of schizophrenia and to the genetics of the disease and (2) anomalous asymmetry may be associated with disturbed language processing and production. We found previously reported right > left frontal and left > right posterior axial asymmetries in controls, whereas in schizophrenia these asymmetries are reduced posteriorly. Total sylvian fissure asymmetries were correlated with posterior axial width asymmetries in normal controls, suggesting that the development of both asymmetries is related. However, with respect to the sylvian fissure, we were only able to observe a trend for reduction of the horizontal portion in the patient group. This finding is also much less consistent in the literature than the brain width asymmetries (table 3) , which is likely due to technical difficulties in quantifying and determining the boundaries of this structure on scans.
Our findings of a wide range of language deficits in schizophrenia add to the extensive literature on a variety of different language anomalies in both chronic and acute patients (e.g., Morice and Ingram 1983; Chaika 1990; Hoff et al. 1992a; Thomas et al. 1996) . However, whether language dysfunction is correlated with reduced cerebral asymmetries is unclear from our preliminary analyses. Several trends were found but were not significant This relationship, however, was shown to be present in a previous prospective study of preschizophrenia children in the United Kingdom (Crow and Done 1995) . Those children who later developed schizophrenia more frequently showed anomalous hand skill (i.e., reduced asymmetry of skill), and this "hemispheric indecision" was correlated with poorer performance on tests of verbal skill.
It has been hypothesized that the loss of cerebral asymmetries is also related to the genetic component for schizophrenia (Crow 1990 (Crow , 1993 . The great variation in degree of cerebral asymmetries could be inherited. Thus, we also performed a preliminary analysis of these asymmetries in siblings, both of whom have schizophrenia. Significant correlations for any asymmetries among siblings might suggest an inherited component Such was the case with the horizontal sylvian fissure asymmetry, but with none other. However, to determine whether a genetic component is related to the inheritance of illness, the pattern of inheritance among both ill and well siblings within families would have to be observed.
Reduced cerebral asymmetry is not specific to schizophrenia and has also been shown to be associated with dyslexia and autoimmune diseases (e.g., Geschwind and Galaburda 1987) . It is also not present in all individuals who develop schizophrenia. Thus, a further process, perhaps resulting from failure to fully develop structural asymmetries and involving specific cortical connections on one side of the brain, is likely to be involved.
The results of the present study should be viewed with caution. Although they are consistent with the previously published hypothesis of anomalous cerebral asymmetry in schizophrenia, they are far from definitive. Even though our measurements show consistency with previously published normal asymmetries, they have been performed on MRI scans of sufficient thickness (7 mm) to cause considerable measurement error. The Kertesz et al. (1992) method applied to these scans uses only one axial slice for measurements, also increasing the chance that artifacts, such as those from head tilt can be introduced to affect the results. Thus, it is not surprising that our results are only suggestive, and correlations with language function, if they do exist are weak. Further studies are now in progress that focus on the crucial disturbance in language and refine the brain structural measurement techniques.
